Supplementary Information
Reactive ion etching (RIE) with SF6/O2 (Plasma Therm) followed by Inductively Coupled Plasma RIE (ICP-RIE, Surface Technology System) with SF6 removed the Si substrate to leave a largely unaltered, pristine surface of the SiO2 as a biofluid barrier and bio-interface.
Mg Test Structures for Evaluation of Water Barrier Performance of Conventional Materials
Photolithography with a positive photoresist (AZ nLOF 2070, MicroChemicals) formed 1 cm 2 square area on a clean glass substrate. Subsequent electron-beam evaporation and lift-off yielded a layer of Ti/Mg (5 nm/300 nm) in the pre-defined area. Various deposition techniques yielded different types of encapsulation layers for soak testing in PBS (SI Appendix, Table S1 and   Table S2 ). Spin coating then prepared a photo-definable epoxy (SU-8 2000, MicroChem), polyimide (PI-2545, HD MicroSystems) and PDMS. PECVD formed SiO2 and SiNx both with deposition frequencies of 13.56 MHz. Al2O3 and HfO2 were grown by ALD at 150 o C. Table S1 and S2 summarizes all of the Mg test results. Popular organic passivation materials, for instance, SU-8 and PDMS, failed within 1 day at body temperature, indicating poor water barrier quality. Inorganic/organic multilayers can be more effective than simple bilayers with the same overall thickness due to the tortuous paths for water permeation through defects and interfaces in multiple layers. In certain cases, however, such as with Parylene C, the multilayer yields poor results, possibly due to non-trivial thickness dependent effects for permeation through Parylene C.
SI Appendix,

Impedance Measurements and Modeling
Impedance measurements used a Gamry Reference 600 potentiostat system (Gamery Instrument). Results for SiO2 formed by electron beam evaporation and PECVD interpreted using similar methods suggest pore resistances and charge transfer resistances that originate from defect sites (SI Appendix, Fig. S3 ). Moreover, in these material systems, cannot be ignored. As expected from the EIS model, the phase response is characterized by two valleys both for these cases. 
Electrical Leakage Tests
Measurements
Measurement and Modeling of Rates of Dissolution of Thermal SiO2
These measurements used pieces of Si wafers (1 cm× 2 cm dies) with thermal SiO2 layers Measurement results were also utilized to validate multiphysics models of the dissolution process coupling of all relevant continuum-scale physics: chemical species transport (using the Nernst-Planck equations), chemical reaction kinetics, electrostatics, and moving boundaries.
Reaction kinetics were modeled using the Arrhenius form, with rate constant and activation energy for the primary SiO2 dissolution reaction calculated from measurements and those of other reactions (forward and backward ionization of salts, PBS and water self-ionization) estimated to proceed much more quickly than SiO2 dissolution. As seen in SI Appendix, Fig. S9A , the dissolution rate is dominated by a half-order dependence on hydroxide concentration. The moving boundary velocity was calculated based on a mass balance at the boundary interface based on the local dissolution rate and assuming a baseline density of 2.19 g/cm 3 . This model allows the time-dependent evolution of a SiO2 layer with arbitrary initial thickness to be directly calculated and visualized for arbitrary pH and temperature, and the lifetime to be predicted (SI Appendix, Fig. S9B ). Simulations were performed on both 2-D and 3-D geometries using COMSOL Multiphysics®.
Reactive Molecular Dynamics (RMD) Simulations
Reactive Molecular Dynamics (RMD) simulations provided molecular insights into the effects of temperature and defects/oxide density on the dissolution process. The RMD used the Reaxff potential, integrated in a Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS)
package(2, 3). Previous work establishes the accuracy of this potential for interactions between
SiO2 and H2O, through comparison to the macroscale experimental properties of these interfaces(4). The calculations involved initially pristine slabs of SiO2 (density of 2.33 g/cm 3 and thickness of 2 nm, in lateral dimensions of 5 nm×5 nm) solvated in water (Fig. 3A) . Removing a few SiO2 molecules from the center of the slab yielded effective oxide densities of 2.27, 2.19, 2.06 and 1.95 g/cm 3 , each of which was then solvated again in water ( Fig. S11 ). The rate of dissociation from defective sites greatly exceeds that from pristine sites, thereby suggesting that most dissolution occurs at defective/low density regions (SI Appendix, Fig. S12A ). This phenomenon is consistent with the defect-assisted dissolution mechanisms presented elsewhere (7, 8) . Although the modeling involves many simplifying assumptions, both of these trends are qualitatively consistent with experimental results. The dissolution rates, for all densities, increase with temperature in an Arrhenius manner, consistent with the previous studies(9, 10, 11).
In addition to these qualitative insights, the results allow quantitative extraction of weighted activation energies of dissolution for different densities, based on the ratio of the population of dissolution events (P and P0) at corresponding temperatures (T and T0) according to the This trend is consistent with previous experimental observations on deposited/grown oxides(11).
Previously mentioned multiphysics models coupling reactive diffusion kinetics with electrostatics and moving boundaries can capture certain aspects based on continuum, nonatomistic effects (11) . The results presented here complement the continuum modeling work by suggesting that low-density oxides present additional Si-OH dangling sites and therefore accelerated chemical reaction rates.
In order to see the intermediates and final products of Si in the solution, the simulation tracked the molecular identity of each Si which is dissolved in different temperatures. Figure S12 ).
For 100 ˚C, we the reaction Si(OH) 2 2+  Si(OH) 3 +  Si(OH) 4 occurs in 32 ns. The hypothesis is that high temperatures boost the conversion of intermediates and the formation of Si(OH) 4 .
Cyclic Bending of Active Electronics with Thermal Oxide Encapsulation
As shown in SI Appendix, Fig. S25 , cyclic bending test was applied to the flexible electronic system with dual-side thermal oxide encapsulation by bending the device to a radius of 5 mm for 10,000 cycles. Yield, gain and mean noise RMS remain nearly unchanged after 10,000 bending cycles.
Sodium Ion Transport Simulations
Modeling of sodium ion transport processes used the drift-diffusion equation and Poisson's equation. These equations were solved on a one-dimensional domain shown in SI Appendix, Figure S10 
